The principal causal components of an osteoporotic fracture are a fall and weakened bone strength. While bone quality measures have been frequently studied, the ability of simple measures of impaired balance to predict fracture risk has received less attention. Computer-assisted telephone interviews were conducted between 1998 and 2000 among 24,598 Swedish twins aged 55 years or older. Impaired balance at the time of interview was reported by 2,890 (12%) of the twins. Twin pairs who were discordant with regard to impaired balance were selected for analysis and followed for fractures through 2005. In a pairwise analysis, the odds ratio for hip fracture was 3.13 (95% confidence interval (CI): 1.62, 6.05) among twins with impaired balance as compared with their co-twins with normal balance. When previously recognized clinical risk factors for osteoporotic fracture were considered in the model, the odds ratio for hip fracture with impaired balance was 3.88 (95% CI: 1.40, 10.72). Approximately 40% of all hip fractures were attributable to impaired balance. The odds ratios for any fracture and any osteoporotic fracture for twins with impaired balance were 2.00 (95% CI: 1.29, 3.11) and 2.39 (95% CI: 1.49, 3.82), respectively. These results imply that self-reported impaired balance is a novel and readily assessed risk factor for future fractures in the elderly.
The principal component causes of an osteoporotic fracture are a fall and a fragile skeleton. Most research on primary prevention of these fractures has focused on bone-related risk factors (1) (2) (3) . However, the vast majority of all fractures in elderly persons occur after a fall. Therefore, the risk of a future fall, not only bone quality, should be integrated into an individual risk profile for osteoporotic fracture (4) .
Attempts to examine the value of variables related to balance and fall risk in assessing the risk of osteoporotic fracture have been few. A measured impaired balance is associated with increased risk of falls (5, 6) . However, even if direct measurement of balance performance might be preferable, it is not easily accomplished or reproduced. Thus, self-reports could be used as a good and simple alternative. Self-reported impaired balance is strongly associated with performance-based inferior postural stability (7) (8) (9) (10) (11) (12) . Measured impaired balance is an independent risk factor for osteoporotic fractures in some (13) but not all (14) (15) (16) prospective studies. Self-reported falls have also been reported as a risk factor (15, 16) but not an independent predictor of fracture risk (14) .
There is a need for a simple tool with which to identify subjects who are at increased risk of injurious falls. Selfreported impaired balance might be such a readily accessible risk factor. The precise matching on age, together with control of shared genes and shared environmental influences, makes a twin design (17, 18) suitable for the study of an exposure effect on fracture risk. Therefore, we used data from a population-based Swedish twin registry to estimate the future risk of fractures among twins aged 55-88 years who were discordant with regard to self-reported impaired balance.
MATERIALS AND METHODS
Subjects were ascertained from the Swedish Twin Registry, currently the largest twin registry in the world (17, 18) . Twins aged 55 years or older were considered eligible for this study-a total of 29,276 subjects.
Balance
A comprehensive computer-assisted telephone interview was conducted between 1998 and 2000. The interview included a number of items regarding lifestyle, diseases, and symptoms (17, 18) . One such item was whether the twin had impaired balance. The question was ''Do you have impaired balance?,'' with the following response alternatives: yes, no, or uncertain. In total, 24,598 persons (84%) agreed to participate in the interview. Efforts were made to interview members of a pair within 1 month.
Approximately 2.5% of the twins gave the answer ''uncertain'' to the balance question. Only the 23,487 twins who answered the balance question unequivocally (yes/no) were included. These subjects formed our study base. We restricted the statistical analysis to twins who were discordant with regard to self-reported impaired balance.
For reliability testing, an identical second interview was performed among 105 twins 2 weeks after the first interview. The kappa statistic for the question regarding impaired balance was 0.81 (95% confidence interval (CI): 0.60, 1.00), indicating almost perfect agreement (19) .
Zygosity
Information on zygosity was obtained at the time of registry compilation on the basis of questions about childhood resemblance. This information was updated during the most recent screening for persons with previously uncertain zygosity. Four separate validation studies using serologic testing and/or genotyping have shown that, with these items, 95%-98% of twin pairs are classified correctly (17, 18) . Twins with uncertain zygosity were excluded from the analysis.
Fractures
Prevalent fractures at study entry (i.e., the time of telephone interview) were identified both by matching to the Swedish National Hospital Discharge Register through December 31, 2005 , and by self-reports. Self-reported fractures in this cohort have been found to have high sensitivity and specificity (20) . We also matched the study cohort to the National Hospital Discharge Register to identify incident hospital admissions for fractures that occurred after study entry. These incident fractures formed the outcomes in the analysis.
Fractures were grouped into hip fracture, any osteoporotic fracture (21) (hip, pelvis, spine, distal forearm, or proximal humerus-International Classification of Diseases, Tenth Revision, codes S720-S722, S321-S328, S220 and S320, S524-S528, and S422, respectively), and any fracture. For each outcome, fracture cases who had experienced a similar fracture before study entry were excluded from the analysis, since their physical performance or report of balance could have been influenced by their previous fracture. Without this exclusion, there would also have been a risk of including a prevalent case as an incident case. Since hip fractures are less common than any osteoporotic fracture and any fracture, fewer twins were excluded from the hip fracture analysis than from analyses of the other 2 outcomes. In addition, we included only those persons who experienced a fracture after a fall. We used the International Classification of Diseases, Tenth Revision, codes for external causes of injury for identification of the direct mechanism of the fracture. The records of all twins were also matched to the National Hospital Discharge Register and cancer registries for identification of other diagnoses besides fracture.
Statistical analysis
Fracture risk associated with impaired balance was analyzed in pairs of twins who were discordant with regard to impaired balance. For these associations, we used conditional logistic regression to estimate odds ratios and 95% confidence intervals. We wanted each twin in the pair to have a similar time at risk. Since mortality risk was associated with impaired balance, we adjusted for the unequal lengths of follow-up due to death. Thus, twin pairs in which 1 twin died before the end of follow-up (15%) were excluded from the analysis.
We used 2 different analytical models. The first comprised simple sex-and age-adjusted pairwise comparisons, and the second was a multivariable model that additionally included previously recognized clinical risk factors for osteoporotic fracture. As such risk factors, we included difficulty rising from a chair (self-report, yes/no); a previous fracture after the age of 50 years, based on self-reports and on data from the National Hospital Discharge Register (yes/no); any registered fall from a standing height within the past 10 years (yes/no); smoking status (never, former, current); physical activity level (low, medium, high); present use of corticosteroids (yes/no); body mass index (weight (kg)/height (m) 2 , continuous); body weight (kg, continuous); height (cm, continuous); alcohol intake (abstainer, normal intake, suspected abuse); diabetes mellitus (yes/ no); and an index for activities of daily living (continuous). Physical activity was assessed at the interview by means of the following question: ''How much exercise do you perform?'' The response alternatives were 1) mostly sedentary activities; 2) light exercise such as walking or light gardening; 3) regular recreational sports; and 4) regular hard physical training. Based on the highest positive response to these questions, 3 leisure physical activity categories were constructed: low (category 1), moderate (categories 2 and 3), and high (category 4). Similar simple physical activity alternatives have been previously found to be positively associated with physical fitness in 70-year-old men, measured both as capillary density of vastus lateralis muscle fibers and as physical performance in a symptom-limited exercise test carried out on an ergometer cycle (22) . The activities of daily living index, with a possible range of 0-25 points, was constructed from self-reported responses to the following questions: 1) ''Do you have help to cook your food and do your shopping?''; 2) ''Do you have help with dressing and bathing?''; 3) ''Do you have help to remind you to take your medicine?''; 4) ''Do you have daily help with household work?''; 5) ''Do you need any other daily living support?'' Negative answers to all 5 questions produced a score of 25. This sum was reduced by 5 points for each positive answer to the questions.
Subgroup analyses were performed with stratification for age ( 75 years vs. >75 years) and, in twins of the same sex only, additional stratification for zygosity and sex. The men had few fractures, which contributed to unstable estimates. Furthermore, since some subgroups contained few cases, we were not able to fit the full multivariable model. We therefore present only the sex-and age-adjusted results for some subgroup analyses.
The population attributable risk of fracture due to impaired balance was calculated as
, where p is the prevalence of impaired balance among the fracture cases and OR is the odds ratio. Therefore, the estimated population attributable risk was dependent on the prevalence of impaired balance. The proportion of twins with impaired balance was based on all twins, not only discordant pairs.
Finally, we estimated odds ratios for hip fracture in twin pairs who were discordant with regard to smoking status at study entry, current systemic cortisone use, low physical activity, or difficulty rising from a chair.
We performed all analyses using the PHREG procedure in SAS software (version 9.1; SAS Institute Inc., Cary, North Carolina).
RESULTS
A total of 2,890 twins (12%) reported impaired balance at study entry. Impaired balance was more common among women (15%) than among men (9%). In the whole cohort, the proportion of subjects who reported impaired balance increased with increasing age: Among persons younger than 70 years, 8% stated that they had impaired balance; among persons aged 70-79 years, the proportion was 18%; and among persons aged 80 years or older, 31% stated that they had impaired balance.
Descriptive characteristics of balance-discordant female, male, and unlike-sexed twin pairs are displayed in Table 1 . These pairs were included in the hip fracture analysis. The twins were aged 55-88 years. Impaired balance was associated with low physical activity and several disease categories.
There were 714 twin pairs who were discordant for impaired balance in the overall fracture analysis. The within-pair comparison (Table 2) revealed that twins with self-reported impaired balance had twice the risk of suffering any fracture as their co-twins without impaired balance (odds ratio (OR) ¼ 2.00, 95% CI: 1.29, 3.11). This estimate was not attenuated when we also considered previously recognized clinical risk factors in the multivariable model. Approximately one-fifth of fractures of any type were attributable to impaired balance. An indication that the increased risk of any fracture was independent of common familial effects was the odds ratio of 2.67 (95% CI: 1.04, 6.82) in monozygotic twins. The risk of fractures associated with impaired balance was also doubled when analysis was carried out in women only, but there were too few fracture cases for precise estimation of risk in men. The increased risk of fracture seemed to persist in persons older than age 75 years (OR ¼ 3.58, 95% CI: 0.98, 13.07).
Impaired balance was associated with an increased risk of any type of osteoporotic fracture, with an odds ratio of 2.39 (95% CI As a comparison with established risk factors for hip fracture, we also evaluated the risk of hip fracture in 1,515 twin pairs who were discordant with regard to current smoking. The odds ratio for hip fracture for current smoking as compared with nonsmoking was 2.67 (95% CI: 1.12, 6.36). In 247 pairs discordant for cortisone use, the odds ratio for hip fracture with use was 2.23 (0.48, 10.34). A low level of physical activity conferred an odds ratio of 1.78 (95% CI: 1.01, 3.13) for hip fracture. This analysis was confined to 2,265 twin pairs who were discordant for physical activity, where 1 twin had reported a low physical activity level and the co-twin reported a medium or high physical activity level. Difficulty rising from a chair, however, was not associated with increased hip fracture risk in an analysis carried out among 1,323 discordant twin pairs. After adjustment for impaired balance, the odds ratio for hip fracture was 1.02 (95% CI: 0.48, 2.18), whereas the crude odds ratio was 1.47 (95% CI: 0.76, 2.83).
DISCUSSION
Results from this nationwide, prospective, populationbased cohort study of twins imply that elderly persons who answer yes to a simple question regarding impaired balance have a substantially increased risk of fracture. This easily accessible risk factor was responsible for 20%-50% of the variation in fracture risk, depending on site and age. The highest population attributable risks were obtained among persons older than 75 years of age. Several authors have concluded that bone mineral density alone does not predict future osteoporotic fracture risk sufficiently (4, 13, 14) , especially in the oldest subjects (4), but few previous prospective cohort studies have addressed the impact of falls or balance performance on fracture risk. Results have been inconsistent. Dargent-Molina et al. (13) found that measured fall-and balance-related factors, such as gait speed (per standard-deviation decrease, relative risk (RR) ¼ 1.4) and tandem walking (per 1-point increase in score, RR ¼ 1.2), were associated with hip fracture risk in women aged 75 years or older. Previous falls or fractures were not considered in the analysis. Cummings et al. (14) , however, found that a fall in the previous year, gait speed, and neuromuscular testing were not able to discriminate female hip fracture patients independently of quadriceps muscle strength, measured as inability to rise from a chair (RR ¼ 2.1). Previous fractures were not considered in the analysis. Nevertheless, Nguyen et al. (23) identified a fall in the past year (RR ¼ 1.4 in women and RR ¼ 1.2 in men), prior fractures (RR ¼ 2.2 in women and RR ¼ 1.8 in men), and quadriceps strength as independent risk factors for hip fracture in the Dubbo Study, even though the last variable contributed minimally to the model. Balance, measured as postural sway, was not associated with fracture risk after adjustment for the other variables. Finally, in the Os des Femmes de Lyon (OFELY) Study, a history of fragility fracture (OR ¼ 3.3), low grip strength (for a value 0.6 bar (~60 kPa), OR ¼ 2.0), and past falls (OR ¼ 1.8) predicted fragility fractures in women (15) . To our knowledge, no investigators have prospectively evaluated self-reported impaired balance for the prediction of future fracture risk. Only first inpatient treated fractures were included in the analyses for each fracture category. Therefore, the number of discordant pairs is lower for the analysis of any fracture than for the analysis of hip fracture.
c Adjusted for sex (continuous), age (continuous), weight (continuous), height (continuous), body mass index (continuous), physical activity (low, medium, high), difficulty rising from a chair (yes/no), smoking (never, former, current), alcohol use (abstainer, normal consumption, suspected dependence), systemic corticosteroid use (yes/no), a fall within the past 10 years (yes/no), any fracture after the age of 50 years before study entry (yes/no), diabetes mellitus (yes/no), and index for activities of daily living (continuous).
d Not applicable because of unstable estimation; that is, convergence was not attained with the multivariable model. e Defined as a fracture of the hip, pelvis, proximal upper arm, distal forearm, or spine.
Well-founded evidence shows that pharmacologic interventions can improve bone quality and reduce osteoporotic fracture risk in women with low bone density. In contrast, attempts to reduce the risk of injurious falls have received less attention. Nevertheless, efforts to improve balance with exercise programs have been successful (24) (25) (26) (27) (28) . Today, fall-preventive interventions that are likely to be effective are available (4, 29, 30) . These include muscle strengthening and balance training, home hazard modification, and withdrawal of medications that increase the risk of falls, including psychotropic drugs. There are indications that nursing home patients with falling tendencies may reduce their likelihood of hip fracture by wearing hip pads, although lack of compliance is a shortcoming with present devices (26, 31, 32) . These previous results, together with our present findings, imply that interventional efforts to improve balance and reduce the likelihood or impact of injurious falls (4) could be specifically directed towards elderly persons who state that they have impaired balance.
The strengths of our study were the prospective twin cohort design, the inclusion of only first fractures in the analysis, identification of fractures by means of a complete national inpatient register, and the possibility of adjusting our estimates for several covariates. The fractures and other diseases were identified from registers using the unique personal registration number assigned to every resident of Sweden (33) . We were also able to confirm an approximately doubled hip fracture risk with previously recognized lifestyle factors, such as current smoking, low physical activity, and cortisone use.
Our study had several conceivable limitations. Even though our study base was large, the matched analytical approach included only balance-discordant twins with few fractures, which produced broad confidence intervals. This was an even greater problem in the subgroup analyses. We regard this type of analysis as preferential, since it reduces the likelihood of bias and residual confounding in comparison with an ordinary nonmatched analysis. If there is high heritability of impaired balance, with a common tendency to incur fracture, a twin design can underestimate (especially in monozygotic twins) the risk of fracture due to balance. However, only approximately one-fourth of the variance in self-reported impaired balance was explained by genetic factors (34). We were not able to control our estimates for bone mineral density, which is often included in fracture prediction models. Nonetheless, we did adjust our estimates for several variables known to affect bone mineral density, most importantly age (included as part of the design) and body size (35) . The association between body mass index and impaired balance was weak: R 2 < 0.002. The additionally weak associations between other regular risk factors for osteoporotic fracture, such as physical activity, smoking, and cortisone use, and impaired balance can explain why our estimates were not attenuated in the multivariable model. We excluded from the analyses non-fall-related fracture cases and fracture cases who had experienced a similar fracture before study entry; that is, only first fractures were analyzed. Nevertheless, when these cases were retained in the analyses, our results were only slightly changed (data not shown).
We conclude that elderly persons who state that their balance is impaired have a substantially increased risk of osteoporotic fracture, independently of previously recognized risk factors. Simply asking a patient about his or her balance is a straightforward, simple tool for fracture risk assessment.
